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This paper presents a review of recent literature concerning the possible mechanisms by which EMG 
biofeedback treatment may aid in the rehabilitation of the stroke patient, and the practical application oft hit 
technique. Among the studies reviewed there is a general consensus that biofeedback training enables some 
patients, whose performance has previously plateaued, to gain a degree of control of hyper tonic muscle 
groups and increased contraction in paretic groups thus improving function. However, there still remains a 
number of questions to be answered and limitations to be considered. 
Biofeedback has been defined as the monitoring 
of physiological parameters to provide continuous 
information, which is immediately available as a 
feedback signal in the form of a tone, a light or the 
movement of a needle on a meter (Green and 
Green, 1975). It is possible, with training, to use 
this information to gain some degree of control of 
processes which were previously thought to be 
unconsciously mediated through the subcortex 
and autonomic nervous system, for example, heart 
rate, blood pressure, temperature, brain waves and 
muscle tension. Studies of heart rate and blood 
pressure control, and the management of migraine 
headacke are all described in a review by Green and 
Green (1975). 
The rapid advance in technology since World 
War II has resulted in the availability of sensitive 
electronic equipment which is able to detect, 
amplify and record the minute electrical discharges 
of human muscle. Electromyography (EMG) is 
now a commonly used tool in diagnosis and 
research and is increasingly being used as a 
biofeedback modality. Integrated EMG is con-
sidered to appropriately reflect the state of 
functional activity of muscle. Such information 
can be fed back to the patient via auditory and 
visual signals. The present paper reviews the 
suggested mechanisms which operate when bio-
feedback is used, and the application of this 
treatment modality in adults following Cerebral 
Vascular Accident (CVA). Studies discussed were 
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chosen for inclusion because of their particular 
contribution to the therapists* understanding of 
various aspects of the topic. In general, those 
studies have used small patient numbers and 
limited research design. Lack of statistical sig-
nificance of clinical results is almost universal and 
has therefore not been seen as a reason to exclude 
any particular study, 
REVIEW OF LITERATURE 
Suggested Mechanisms 
The mode of action of biofeedback techniques in 
improving motor output has been the basis of 
extensive discussion. Woolley-Hart, Musa and 
Rodgers (1977) have suggested that the successful 
use of biofeedback is dependent upon increased 
understanding of a specific function which leads to 
an enhanced ability to control that function 
Feedback results in control being gained by 
concentration on the goal and a consciousness of 
the state of the body. 
Green and Green (1975) have indicated that 
increased awareness is achieved by provid ng the 
conscious cortex with information from sources of 
unconscious, afferent stimuli. This information 
does not involve a direct understanding of the 
neural pathways and muscle fibres which are active 
but rather of the mental-emotional state which 
produced the action or response. Green and Green 
(1975) have indicated also that biofeedback is 
required only temporarily because voluntary 
internal control is established as a treatment 
outcome. This has been described as an incr ased 
sensitivity to subtle internal cues (Green and 
Green, 1975). 
A rather different view has been presented by 
Shapiro and Schwartz (1972). They have descr bed 
biofeedback procedures as operant conditioning 
techniques, Huffman (1978) has used a similar 
explanation, indicating that biofeedback training 
is based on the Skinnerian operant conditioning 
concept which suggests that learning requires 
reinforcement such as is provided by knowledge of 
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FIGURE 1 
A schematic view of the components of the proposed modeL 
a — normal conditions, b — using biofeedback. 
(Adapted from Wolf, 1978, page 12) 
Proprioceptors (1) = muscle spindles, joint receptors and golgi tendon organs 
Proprioceptors (2) = muscle spindles 
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results. Welford (1976) has indicated that in the 
learning of motor tasks, knowledge of the outcome 
or result of an action is essential to continuing 
successful performance. To be truly effective such 
knowledge must be precise and prompt. When 
brain damage occurs and there is a resultant 
interruption of the internal feedback loops supply-
ing sensory input to the cortex, the net result is 
impedance to the proprioceptive input (Huffman, 
1976). EMG is described as a means of augmenting 
"knowledge" of muscle contraction by teaching the 
patient to appropriately interpret the auditory, or 
visual signals provided (results). 
Wolf (1978) has supported this statement 
proposing a model to explain the manner in which 
augmented knowledge aids in the regaining of 
motor control (Figure la and lb). Central nervous 
system (CNS) damage often results in an imbalance 
of neuronal activity which involves both the alpha 
and gamma efferent systems (Lance and McCleod, 
1975). Specific muscles may be hyperactive 
(spastic) or inactive (flaccid). Asa consequence of 
this abnormal muscle response the cortex does not 
receive useful information about changes in muscle 
length via the la afferent system. This Wolf has 
described as a loss of proprioception. 
'" Without question the key to reacquiring motor 
control in neurological patients rests in re-
establishing proper proprioceptive behaviour." 
Wolf, 1978, p 8. 
Wolf has suggested that as an alternative to 
misinformation, the patient should be supplied 
with accessory data concerning muscle contraction 
conveyed by auditory and visual feedback from an 
EMG unit. The major advantages of this type of 
input is that it is both immediate and accurate and 
entirely meets' the requirements of knowledge of 
results in motor learning suggested by Welford 
(1976). 
Vision and audition normally play a role in the 
control of movement. The importance of vision to 
proprioception in normal individuals has been 
shown by Lee and Lishman (1975), and Posner, 
Nissenand Klein (1976). Auditory feedback is also 
a common component of the normal feedback 
mechanism. Anatomical pathways have been 
demonstrated between the visual and auditory 
cortex and the cerebellum and there are probably 
also interrelated pathways to the motor cortex 
from the visual and auditory cortex (Wolf, 1978). 
Harrison and Connolly (1971) foreshadowed 
Wolfs (1978) model by suggesting that afferent 
information may have an extremely complex 
relationship to the pattern of efferent firing. 
These authors proposed that the augmented 
feedback could be used as a means of helping the 
subject clarify that relationship. 
The effectiveness of using auditory and visual 
feedback is further explained by Wolf (1978) as 
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being related to the capability of these inputs to 
activate subsidiary functional sets of motor cells 
directly or through reflex loops, via the cerebellum, 
basal ganglia and thalamus. The ability of patients 
to later discard artificial feedback suggests that the 
sensory engram has established an increasingly 
reliable linkage with the cells which have taken on 
a motor function and the patient is thus able to rely 
on internal feedback. The afferent/efferent re-
lationship has become less complex and therefore 
more useful. 
In contrast to Wolf's (1978) limited description 
of proprioception, the more general understanding 
is that such information is derived not only from 
muscle spindles, but includes sensory input from 
receptors in ligaments, joint capsules and tendons. 
If these afferent pathways are interrupted at any 
point, the brain will be doubly deprived of 
proprioceptive information. This may explain the 
finding of Wolf, Baker and Kelly (1979) that 
patients with proprioceptive impairment improved 
least with biofeedback training. Similarly, a lesion 
which damaged the sensory engram would appear 
to make a patient unsuitable for biofeedback 
training. This would mean a second missing link in 
the chain. Even though the visual and auditory 
input from the EMG may activate subsidiary 
functional sets of motor neurones, the memory of 
the movement pattern is missing and therefore the 
cortex is unable to trigger the appropriate motor 
programme. Possibly this may coincide with the 
clinical symptoms of motor planning problems or 
apraxia, in which it is the memory of the movement 
which seems to be lost. The exact anatomical and 
physiological pathways involved in biofeedback 
have not yet been determined, however Wolf's 
(1978) model does provide a workable hypothesis. 
One other factor which may play a part in the 
regaining of motor control is the increased use of 
intra-cerebral feedback loops. These are present in 
normal functioning and are especially important in 
the production of rapid, accurate movements. 
A greater role for these feedback loops was 
proposed by Taub and Berman (1968) as an 
explanation for the relearning of skilled movement 
by deafferented monkeys. 
BIOFEEDBACK AND THE 
STROKE PATIENT 
An experiment designed to investigate the use of 
EMG in hypertonic subjects to develop control of a 
low level of activity in the forearm flexor muscles 
has been described by Harrison and Connolly 
(197J). Four normal subjects were compared to 
four hypertonic subjects aged between eighteen 
and twenty-five years. The subjects were trained to 
decrease muscle activity and produce minimal 
EMG spike activity on command. The results 
showed that the level of control attained by the 
hypertonic group was as fine as that achieved by 
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the normal group, however, the abnormal subjects 
took appreciably longer to gain this control. 
The subsequent application of these findings to 
rehabilitation has been widespread. Brudny, et al. 
(1976) reviewed thirty-five hemiparetic patients 
who had received biofeedback training for the 
upper extremity three times per week for a period 
of 8-12 weeks. The goals of treatment included the 
reduction of spasticity during movement or stretch 
and increased contraction of the paretic muscles. 
All patients initially had some volitional motor 
activity which could not be used in any meaningful 
manner and which represented an inadequate 
response to previous therapy. 
Involvement of the upper extremity function 
was graded on a four point scale, four patients 
showing no change, four more relief of spasticity 
only, and a combined total of twenty-seven 
registering either assistive functioning of the 
extremity or actual prehension. During followup it 
was found that seven subjects were not using their 
improved function in the activities of daily living. 
Thus twenty out of thirty-five subjects attained at 
least assistive function of the upper extremity. 
Wolf, Baker and Kelly (1979) used a biofeedback 
training regime which required a reduction of 
amplitude and frequency of recorded EMG in 
hypertonic muscles, and a decrease in time required 
to regain resting EMG activity after first slow and 
then rapid manual stretching. A successful 
outcome was defined as "full restorative and 
independent function in an extremity", (Wolf etal. 
1979, p 98). 
The patients selected for this descriptive study 
had made no functional progress since the cessation 
of therapy previously. These investigations found 
that of thirty-two patients with upper and lower 
limb involvement eighteen lower extremities were 
treated successfully while only five upper ex-
tremities achieved comparable results. This 
contrast was due to the stringent grading system 
used. Failure to achieve functional prehension in a 
limb which otherwise showed an improvement in 
shoulder and elbow mobility was never rated as a 
successful outcome. Furthermore, the presence of 
aphasia and proprioceptive impairments had a 
greater impact upon negative outcomes in upper 
than in lower extremities. Overall the presence of 
aphasia tended to slightly reduce the prospects for 
successful outcomes. Proprioceptive impairments 
however seemed to be a major obstacle to achieving 
.limb function. 
Biofeedback aimed at the retraining of normal 
gait has been reported by Woolley-Hart, Musa and 
Rodger (1977). These authors monitored the trunk 
side flexors to obtain maximum activity when 
weight was transferred to the involved side during 
stance phase and relaxation during the swing 
phase. The rationale suggested was that by gaining 
224 
control of trunk and proximal movements the 
abnormal tone of more distal parts would be 
decreased. As a consequence, the overall gait 
pattern would be improved. The technique was 
used on five subjects with a spastic left hemiplegia 
who had reached a plateau of improvement at least 
three months previously. Four of the five subjects 
showed an improvement in pelvic control and 
weight transference. 
The study by Basmajian, Kukulka, Narayanand 
Takeba (1975), concentrated on increasing the 
strength of contraction and range of motion of the 
ankle dorsiflexors. Twenty subjects whose CVA 
were sustained at least three months previously, 
were divided into two groups. The first group 
received conventional therapy over five weeks and 
the second group, therapy plus biofeedback 
training. The second group showed an increase in 
both strength and range of motion approximately 
twice as great as that of the first group. Three 
patients in the biofeedback group were able to 
walk without short leg braces. An important point 
noted in this study was that 
"The improvement displayed by even the first 
group of patients suggests that a potential for 
functional improvement exists that is often 
unexploited." Basmajian, et al. 1975, p 231. 
Among the studies reviewed, there appears to be a 
general consensus that biofeedback training 
enables some patients, whose performance had 
previously plateaued, to gain a degree of control of 
hypertonic muscle groups and increased con-
traction in paretic groups, not previously attained 
with other treatment modalities. 
Another area which has recently been invest-
igated is the use of EMG feedback to improve 
oro-facial function. Huffman (1978) compared the 
effectiveness of EMG feedback versus mirror 
feedback in increasing functional lip control for 
brain damaged patients. Four subjects were 
divided into two groups. The parameter invest-
igated was functional muscle strength of the 
orbicularis oris muscle during lip approximation, 
puckering, sucking and blowing using a therapist 
rating scale varying from zero to five. Treatment 
times were equal for both groups. Gains were 
observed for all four patients, however, the bio-
feedback pair were said to have shown an increase 
three times as great as the mirror only patients. 
However, as the author points out: 
"Improvements cannot be attributed to bio-
feedback alone. Two other important modes of 
feedback were supplied by the therapist and the 
mirror. Verbal cues, positive reinforcement and 
ability to relate muscular contraction to 
functional usage were integral contributions 
from the therapist that make up the ultimate 
value of the training process." Huffman, 1978, 
p 153. 
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This is an important point to keep in mind since 
it applies equally to the training received by the 
subjects in all the previous studies. The therapist 
plays a major role in the structuring of the training 
sessions and the relationship of improved control 
to functional activities. 
Wannstedt and Herman (1978) have used a 
device called the Limb Load Monitor (LLM) to 
provide augmented sensory feedback. The LLM 
provides the patient with proportional, precise 
information about the weight bearing force applied 
through the lower limb. The information is 
delivered through auditory channels. Ambulatory 
patients were trained with the aid of the LLM to 
achieve symmetry of weight bearing during un-
assisted standing. Sixteen out of twenty patients 
achieved symmetrical standing without feedback 
at the end of the training programme. The training 
was most effective for those patients who had only 
moderate asymmetry initially and those lesion was 
in the left hemisphere. Augmented sensory feed-
back using the LLM may well be a very useful 
adjunct in rehabilitation training. 
BIOFEEDBACK — WHO, WHEN AND HOW? 
1 Wolf, Baker and Kelly (1979) have endeavoured 
to determine the effect of patient characteristics 
on outcome. The results of their study suggested 
that age, sex, hemiparetic side, duration of 
previous rehabilitation and number of biofeed-
baek training sessions were not significantly 
related to treatment outcomes. The presence of 
aphasia tended to slightly reduce the prospects 
for a successful outcome. Deficits in proprio-
ception, however, seemed to be a major obstacle 
to achieving improved limb function. 
2 All the studies reviewed required the patient to 
understand and carry out instructions and also 
be reasonably well motivated to follow through 
the training programme. 
3 The patients trained all had lesions which 
occurred at least three months earlier and they 
had reached a plateau of recovery using 
conventional treatment methods. This was 
often a result of the need for each subject to act 
as their own control and thus it was necessary 
for any improvement to be attributable to 
biofeedbaek training rather than natural 
recovery processes. 
4 All the training programmes were structured in 
a step wise pattern. Initially spasticity was 
reduced in the resting position, then under 
conditions of increasing difficulty. Sensitivity 
of the biofeedbaek amplifier was correspond-
ingly altered from the easiest to the more 
difficult settings. The limb was first positioned 
where the contraction or relaxation was 
facilitated and then progressed to gain control 
in more difficult positions. 
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5 The number of treatments required by each 
subject varied widely. Grynbaum, Brudny, 
Korein and Belandres (1976) have pointed out 
that some patients improve very rapidly and 
others require months of treatment. Therefore 
sufficient duration of treatment is an essential 
element if feedback therapy is to be successful. 
CONCLUSIONS 
Biofeedbaek seems to have some potential as a 
tool in the rehabilitation of stroke patients, 
However, there still remains a number of questions 
to be answered and limitations to be considered. 
For example: 
1 At what point in the rehabilitation process is the 
use of biofeedbaek most effective? How early in 
the course of recovery is a patient neuro-
physiologically ready to use EMG feedback? 
Biofeedbaek requires a reasonably high level of 
conscious control and concentration and 
involves a number of novel sensory inputs. Are 
these demands more than the recently injured 
brain is able to handle? 
2 What component of the treatmen't is most 
efficient? Should biofeedbaek be used to reduce 
spasticity and then more conventional methods 
used to stimulate paretic muscles? 
3 How important is the therapist as a feedback 
modality when used in conjunction with the 
machine? This may limit the use of equipment 
by the patient alone. 
4 The need for structured, step wise training 
programmes means that the therapist must be 
able to: 
(a) correctly determine the patient's key 
problem 
(b) design a suitable programme 
(c) supervise the treatment on a regular basis 
over what may be a considerable period 
of time. 
Therefore a department considering the purchase 
of EMG equipment should evaluate its ability to 
meet these requirements before spending the large 
sums of money involved. 
Finally, it could well be that an increased 
sensitivity of therapists to the impact of feedback 
from their own visual and auditory inputs to the 
patient could lead to improved results similar to, or 
perhaps greater than, those achieved using 
biofeedbaek. 
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